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We report on the first observation of electromagnetically induced transparency (EIT) in a ladder
system in the presence of a buffer gas. In particular we study the 5S1/2 - 5P3/2 - 5D5/2 transition
in thermal rubidium vapor with a neon buffer gas at a pressure of 6 Torr. In contrast to the line
narrowing effect of buffer gas on Λ–systems we show that the presence of the buffer gas leads to
an additional broadening of (32 ± 5) MHz, which suggests a cross section for Rb(5D5/2)–Ne of
σ
(d)
k = (7 ± 1) × 10−19 m2. However, in the limit where the coupling Rabi frequency is larger than
the collisional dephasing a strong transparency feature can still be observed.
The effect of electromagnetically induced transparency
(EIT) arises due to coherence in three-level systems as
first described in [1, 2], and experimentally demonstrated
in [3]. Typically, the three-level system consists of two
long-lived states (|1〉 and |3〉), which are coupled by two
lasers, labelled probe and coupling with Rabi frequen-
cies Ωp and Ωc(> Ωp), to a radiative state |2〉 with a
lifetime, 1/Γ2. If the two lasers are resonant, i.e., the
detunings δ12 = δ23 = 0, the imaginary part of the one-
photon coherence Im(ρ12) and the absorption coefficient
α ∝ Im(ρ12) are zero, rendering the medium fully trans-
parent [4]. For Ωp < Γ2 the transparency is caused by a
destructive interference of the excitation amplitudes into
the intermediate state |2〉, which results in the occupa-
tion of a dark state |∅〉 ' |1〉 with no contribution from
the radiative state. The width of the transparency win-
dow is determined by the dephasing rate between states
|1〉 and |3〉, Γ13, and can be much narrower than the
natural linewidth, Γ13 < Γ2. For photon storage appli-
cations one is interested in reducing the dephasing rate
as the narrow resonance results in a large group index [5]
and enables long photon storage times [6]. For thermal
atoms, the dephasing rate can be reduced by using the
hyperfine ground states as the long lived states forming
a Λ–system, and a buffer gas to increase the interaction
time with the laser beams [7–9].
Another topic of interest is the ladder or cascade sys-
tem where |3〉 is a higher energy excited state [10–12]. For
example, if state |3〉 is a Rydberg state [13], this opens
interesting possibilities for quantum information [14–16]
and electrometry [17, 18]. In the ladder system the de-
phasing rate is typically larger than for Λ–systems due
to the spontaneous decay of level |3〉. Otherwise, EIT
in Λ and ladder systems show generally similar proper-
ties. However, the addition of a buffer gas changes this
behavior dramatically. In Λ–systems the dephasing of
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the ground state coherences due to the collisions with
the buffer gas is negligible and, instead the increased
transient time due to collisional diffusion allows an ex-
tremely narrow linewidth to be observed [7]. In con-
trast, for cascade systems the collisional dephasing due
to the buffer gas becomes the dominant line broaden-
ing mechanism and it is predicted that the EIT thresh-
old (coupling power required to observed a transparency)
and linewidth increases monotonically with the buffer gas
pressure [19]. However, as suggested in [19] one still ex-
pects to see a transparency effect if the Rabi frequency
of the coupling laser is larger than the dephasing rate.
In this regime, where Ωc > Γ2, the medium is rendered
transparent by means of Autler-Townes splitting of the
resonance and the transparency effect is no longer de-
pendent on destructive interference. It should be noted
that below the terms transparency and EIT are used in a
broader sense, and not restricted to coherent excitation
of a dark state. To our knowledge EIT in a ladder sys-
tem in the presence of a buffer gas has not been observed
previously. However, it remains generally interesting to
study such transparency features in the presence of large
dephasings as for example found for atom-surface inter-
actions in sub-micron cells [20, 21].
In this paper we demonstrate ladder EIT in Rb ther-
mal vapor in the presence of a buffer gas. We show
that collisions with the buffer gas lead to a broadening
of the transparency window. We show that for the 5S-
5P-5D system in Rb vapor and Ne buffer gas (6 Torr)
leads to an additional broadening of (32±5) MHz, which
is consistent with a Rb(5D)–Ne cross section of σ
(d)
k =
(7± 1)× 10−19 m2.
A schematic of the experimental setup is shown in fig-
ure 1. Probe and coupling laser beams are produced
by extended cavity diode lasers operating at wavelengths
λp = 780 nm and λc = 776 nm, respectively. The
beams counterpropagate through a Rb cell to minimize
the Doppler broadening of the transition to the residual
Doppler width δωd = |ωp − ωc| v/c ' 2pi × 2 MHz for a
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2temperature of T = 157 ◦C. Lenses with a focal length of
20 cm are used to create a spot size (1/e2 diameter) in the
cell of d = 27µm. The time of flight of the atoms through
the beam is τ = d/v ' 80 ns in a thermal rubidium vapor
and, hence, a transient time broadening in the absence of
collisions with the buffer gas δωτ = τ
−1 ' 2pi × 2 MHz.
In the presence of the Ne buffer gas the transient time
broadening is reduced by almost three orders of magni-
tude [22].
In order to calibrate the frequency axis a part of each
beam is directed through a reference Rb vapor cell of
10 cm length. The coupling laser is resonant with the
5P3/2 → 5D5/2 (|2〉 → |3〉) transition, i.e., δc = 0. The
probe laser is scanned across the frequency range of the
D2 line (|1〉 → |2〉). Both laser beams have orthogonal
linear polarization. A narrow band pass filter (Semrock
LL01-780-12.5) has been mounted in front of PD1 to re-
move residual 776 nm light on the detector.
The experiments are performed in two cells of similar
construction, one pure rubidium cell, and a buffer gas
cell with the addition of 6 Torr of Ne. The ground-state
Rb–Ne collision rate is estimated to be [23]
R
(s)
k =
p
kBT
σ
(s)
k v¯ ' 17 MHz (1)
The Rb–Ne collisions lead to a narrowing of the EIT
linewidth in a Λ–system as the reduction in the tran-
sit time broadening dominates over collisional dephasing
within the ground state hyperfine structure. However,
in a cascade system the collisional dephasing between
ground and excited states cannot be neglected and leads
to a broadening of the EIT linewidth. A typical spec-
FIG. 1. (a) Schematic of the Rb vapor cell. The cell consists
of two separate regions - a region with thickness of 10 mm and
wedge, where the thickness varies between 300 nm and 3µm
over a region of approximately 2 cm. (b) Schematic of the
experimental setup. A reference cell of length 10 cm is used
for frequency calibration. A photodiode PD1 (PD2) is used
to record the signal from the buffer cell (reference cell). NDF
- Neutral Density Filter; PBS - polarising beam splitter; BPF
- band pass filter; λ/2 - half wave-plate.
trum of the Doppler broadened 85Rb and 87Rb transi-
tion at a temperature of (45 ± 1) ◦C in the 10 mm buffer
gas cell can be seen in figure 2. Distinctive transparency
peaks appear when the coupling laser is switched on and
when the coupling Rabi frequency is sufficiently strong to
overcome the collisional dephasing. For these parameters
the width of the transparency peaks is (105 ± 5) MHz
obtained by fitting a Gaussian function to the profiles.
Note that no transparency was observed for a cascade
system involving highly excited Rydberg states as the
coupling laser power was insufficient to fulfill the condi-
tion Ωc > Γ13.
For further investigation of the broadening of the trans-
parency feature due to the buffer gas we focus on the
85Rb feature. The experiments were performed in the
wedge region shown in figure 1, with the thickness of the
atomic sample of order ∼ 780 nm to allow tight focussing
of the laser beams while still ensuring uniform beam size
along the propagation direction. The mean free path of
the atoms in the 780 nm region is larger than the beam
size, such that no additional narrowing due to collisions
is observed. Sargsyan et al. report on experiments with
thermal atomic samples of the same size without buffer
gas background exploiting a Λ–system [24].
The spectra in figure 3 show the same Autler-Townes
splitting of the Doppler broadened resonance as in figure
2 both without (a) and with (b) the buffer gas. The
additional broadening due to the buffer gas is clearly
observed. The width of the transparency feature ΓEIT
is obtained by fitting a function of the form T ∼ 1 −
FIG. 2. Transmission spectra as a function of the probe de-
tuning through the 10 mm buffer gas cell, measured at T =
(45± 1) ◦C without the coupling beam (red line). The power
in the probe beam was Pp = 1µW. The zero of the detun-
ing scale is set to the frequency of the 85Rb 5S1/2 Fg = 3 →
5P3/2 Fe = 4 transition. The left spectral line corresponds
to the 87Rb 5S1/2 Fg = 2 → 5P3/2 Fe = 1, 2, 3 transition.
Switching on the coupling beam (blue line) with a power of
Pc = 196 mW results in the coupling of Fe to the 5D5/2 man-
ifold.
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FIG. 3. Transmission of the 85Rb Fg = 3 → Fe = 2, 3, 4
transitions through the ∼ 780 nm thick region of the cell, (a)
without and (b) with 6 Torr Ne buffer gas, for coupling laser
powers of (top to bottom) 0, 4 mW, 14 mW, 28 mW, 70 mW,
112 mW, 154 mW and 196 mW. The power of the probe laser
was 1µW, and the temperature of the cell was (157± 10) ◦C.
An offset in transmission of 0.075 has been added for clarity
to all spectra except the topmost.
Adexp(−(∆2/(2δω2d)) + AEITexp(−(∆2/(2Γ2EIT)) to the
transmission spectra T (∆). Figure 4 shows the depen-
dence of the transparency linewidth versus the Rabi fre-
quency of the the coupling laser, Ωc. This function allows
to quantify the transparency linewidth for low powers
(Pc . 150 mW), but shows an increasing deviation for
larger powers, as indicated by the error bars in figure 4.
The width as a function of the coupling power Pc ∼ Ω2c
shows a linear dependence as expected from [23]:
ΓEIT = Γ11 + Γ13 + Γ31 + Γ33 + ∆
c
EIT +
Ω2c
γ + δ2c/γ
(2)
with
γ =
1
2
(γ21 + γ23 + γ2r + 2∆
c) (3)
and
∆c = ∆c11 + ∆
c
22 − 2∆c12 = ∆c33 + ∆c22 − 2∆c32 (4)
where the Γij (collisions) and γij (radiative decay) are the
incoherent population transfer rates between the states
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FIG. 4. Width of the EIT feature against coupling laser power
for the 85Rb 5S1/2 Fg = 3→ 5P3/2 Fe = 2, 3, 4→ 5D5/2 tran-
sition without () and with buffer gas (•), respectively. The
widths were obtained by a fit with a Gaussian function to the
data shown in Fig. 3. The thickness of the atomic sample is
∼ 780 nm. The width shows a linear dependence on the cou-
pling laser power with a slope of (893± 49) MHz/W. Adding
6 Torr of Ne buffer gas to the atomic sample results in an ad-
ditional broadening of (32±5) MHz. Note that the error bars,
given by the standard deviation, increase as the Gaussian fit
function becomes inaccurate in the Autler-Townes limit.
|i〉 to |j〉 and ∆cij are the collisional induced decay rates of
the respective coherences. State |r〉 is a reservoir, which
considers decay out of the ladder system.
The collisional broadening ∆cEIT due to collisions between
Rb atoms and the buffer gas are
∆cEIT = 2(∆
c
11 + ∆
c
33 − 2∆c13) (5)
The linear dependence of the width of the transparency
resonance on the coupling laser power shows a slope of
γ−1 ∝ 2pi× (893± 49) MHz/W and an additional broad-
ening of ∆cEIT = 2pi×(32±5) MHz due to the presence of
the 6 Torr Ne buffer gas. Since the slope γ−1 in equation
(2) is equal within the error bars for the experiments with
and without the buffer gas we conclude that the differ-
ential collisional induced decoherence rate between the
ground state 5S1/2 and the intermediate state 5P3/2 and
between 5P3/2 and 5D5/2 is ∆
c ' 0, or at least small in
comparison to the differential broadening ∆cEIT between
the 5S1/2 and the 5D5/2 state. Assuming equation (1) the
value for the collisional cross section between the 5D5/2
state and the neon buffer gas is σ
(d)
k = (7±1)×10−19 m2,
compared to σ
(s)
k ≈ 4×10−19 m2 for the ground state [23].
In conclusion we have for the first time experimentally
shown that a transparency resonance may be observed in
a cascade level scheme in the presence of a buffer gas as
long as the coupling field is sufficient strong, such that
the Autler-Townes splitting is larger than the collisional
dephasing. In future experiments it might be interesting
to study the dependence of the EIT linewidth on the
4buffer gas pressure in this ladder system in order to get
an accurate value for the collisional cross section σ
(d)
k .
Although for a ladder system the addition of buffer
gas results in increased broadening, in some experimental
situations the Rb-Ne collisions might be advantageous.
In particular, when the laser spot sizes become small
(≈ 1µm) the transient time broadening in a pure atomic
vapor (≈ 50 MHz) exceeds the collisional broadening be-
tween the atoms and the buffer gas. In this case the
addition of a buffer gas with a low pressure (≈ 1 Torr)
would result in the reduction of the transient time broad-
ening while leading to only a small additional collisional
broadening (≈ 10 MHz).
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